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[57] ABSTRACT

The disclosed device prevents the adverse effect of
self-demagnetization from occurring at a continuous
long coded part on a code plate arranged to permit
detection of an absolute position. A magnetoresistive
displacement sensor and signal processing circuit is
arranged to have the code composed of magnetic do-
mains of opposite polarities. A plurality of heads are
arranged to slide over the coded part. The output sig-
nals of these heads are processed through a signal pro-
cessing circuit.
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MAGNETORESISTIVE DISPLACEMENT SENSOR
AND SIGNAL PROCESSING CIRCUIT

BACKGROUND OF THE INVENTION 5

1. Field of the Invention

This invention relates to a position detecting device
using magnetism.

2. Description of the Prior Art

It has been a common shortcoming of conventional
magnetic position detecting devices that, where a code
on a magnetic code plate, such as a magnetic recording
tape or the like is long, the output level of the device
drops at points of the code other than the beginning and
end. Where a magnetic code plate 2 is provided with
Gray codes as shown in FIG. 1 of the accompanying
drawing, and, for example the device is an absolute
position detecting device, it has been impossible to read
higher place bits of some codes when the code is a long
signal (tracks B and C in FIG. 1). More specifically,
when the length of a magnetized pattern (or code) is
long, as represented by the track B in FIG. 1, for exam-
ple, the output of the device obtained as a result of
reading with a magnetic sensor 1 is shown in FIG. 2.
The output for the address 13 of the track B, for exam-
ple, becomes *“0”, which is the same as the output ob-
tained when the sensor 1 is at another address 2 shown
in FIG. 1. Such an error causes confusion. Further, the
sensor 1 1s arranged to produce “1” at a magnetized part
and “0” at a part which is not magnetized (the parts not
hatched in the drawing). In FIG. 1, the magnetized
parts are of N polarity. However, magnetization may be
of S polarity. In that event, the sensor produces “—1”
‘instead of “1”. In other words, the conventional mag-
netic position detecting devices have required some
additional arrangement to prevent the adverse effect of
self-demagnetization.

SUMMARY OF THE INVENTION 10

A first object of this invention is to provide a position
detecting device which eliminates the shortcoming of
the conventional position detecting devices mentioned
above. |

A second object of this invention is to provide a 45
magnetic position detecting device wherein, to achieve
the above-stated first object, at least one of a plurality of
codes constituting a magnetic code plate is formed by
magnetic domains of opposite polarities with magnetic
domains of one polarity arranged alternately with do-
mains of the other polarity at predetermined intervals.

A third object of this invention is to provide a mag-
netic position detecting device wherein, under the
above-stated second object, each of the above-stated

codes consists of two rows of codes which are arranged
to be at different phases; and two magnetic detection
heads for reading these codes are arranged to corre-
spond to these two rows of codes.

A fourth object of this invention is to provide a mag-
netic position detecting device wherein, under the
above-stated third object, the magnetic detection heads
reading the above-stated codes include two heads
which are spaced at a predetermined interval in their
scanning direction.

These and further objects and features of this inven- 65
tion will become apparent from the following detailed
description of preferred embodiments thereof taken in
connection with the accompanying drawings.

10

13

20

235

30

35

50

33

2

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view showing a conventional mag-
netic code plate.

FIG. 2 is an illustration of outputs obtained with the
magnetic code plate which is shown in FIG. 1 read by
a magnetic sensor.

FIG. 3 is an oblique view schematically showing a
position detecting device arranged according to this
invention as a first embodiment thereof.

FIG. 4A is an enlarged view showing a part around a
code 5-4 shown in FIG. 3.

FIG. 4B is a plan view showing tracks 7 and 6 form-
ing the above-stated code 5-4.

FIG. 4C shows outputs obtained when head 3¢’ and
3a” slide over the code 5-4.

F1G. § 1s an oblique view showing a position detect-
ing device arranged according to this invention as a
second embodiment thereof.

FIG. 6 1s a sectional view showing the position de-
tecting device of FIG. § as taken along the direction of
arrow 9 of FIG. 5.

FIGS. 7A and 7B are illustrations showing the out-
puts of heads 3-4b and 3-4¢ shown in FIGS. 5 and 6
respectively.

FIG. 8 is a block diagram showing a signal processing

circuit arranged to process the outputs shown in FIGS.
7A and 7B.

FIGS. 9A-9E are illustrations of outputs of various
parts of the signal processing circuit shown in FIG. 8.

FIG. 10 is a sectional view corresponding to FIG. 6
and showing a position detecting device as a third em-
bodiment of the invention.

FIG. 11A is an oblique view showing the third em-
bodiment of the invention.

FIG. 11B is a plan view showing tracks 6 and 7
shown in FIG. 11A.

FIGS. 12A-12C show the outputs of heads 3¢’ and
3a” shown in FIG. 11A.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 3 schematically shows a position detecting de-
vice arranged according to this invention as a first em-
bodiment thereof. In the drawing, a reference numeral 2

denotes a vertical magnetic medium similar to the one

shown in FIG. 1. Gray codes 5-1 to 5-4 are recorded on
the medium 2. Heads 3-1 to 3-4 are multi-track heads
which operate on a principle different from that of
ordinarily employed heads which are arranged to detect
variations in a magnetic flux. Signals recorded in tracks
of the Gray codes 5-1 to 5-4 are arranged to be repro-
duced by the multi-track heads 3-1 to 3-4 in detecting

absolute positions including a reposed position. The
absolute positions are detected through signals repro-
duced by the heads 3-1 to 3-4 wherever these heads are

located relative to the medium. Even when the power
supply to a signal processing circuit which is not shown
but includes the heads 3-1 to 3-4 happens to turn off, the
positions of the heads 3-1 to 3-4 can be immediately
detected when the power supply again turns on. A
magnet 13 which is mounted on the MR heads 3-1 to 3-4
is arranged to produce a bias magnetic field. With the
magnet 13 thus mounted, the magnetic field around the
MR heads 3-1 to 3-4 can be stabilized.

The MR heads 3-1 to 3-4 are formed by a magneto-
resistive film material and are arranged to have their
resistance values vary with variations in the magnetic
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field. The resistance value decrgaées as the magnetic
field increases. Conversely, the resistance value in-
creases as the magnetic field decreases. This character-

istic remains unchanged by the polarity of the magnetic
field. Therefore, with the magnet 13 which 1s provided
with N and S poles mounted on the MR heads 3-1 to 3-4

as shown in the drawing and arranged to apply bias
magnetic fields, the resistance values of the MR heads
3-1 to 3-4 are small even when these heads are located
at non-magnetized parts of the vertical magnetic me-
dium. When the vertical magnetic medium is magne-
tized to have the N pole at the magnetized surface, the
resistance value decreases. If the medium is magnetized
to have the S pole at the surface, the resistance value
increases as the magnetic field of the magnet 13 is offset
by the magnetic field of the magnetized part of the
vertical magnetic medium.

FIG. 4A is an enlarged view of a part of FIG. 3
around a code 5-4 showing the higher places of the
code. The code 5-4 is divided into two tracks 6 and 7.
Each of the tracks consists of N and S poles which
differ in length from each other. The phases of these
tracks 6 and 7 differ from each other as shown in FIG.
4B in a plan view. Further, the length of each of the
poles 8 is arranged to be sufficiently short relative to the
code 5-4 so that the self-demagnetization of the code
can be lessened. Meanwhile, the head 3-4 which is ar-
ranged to slide over the code 5-4, is composed of two
heads 34’ and 3¢”. With the heads 34’ and 3a" sliding
over the code 5-4, reproduction outputs are obtained as
shown in FIG. 4C. In FIG. 4C, the reproduction output
of the head 3a’ is indicated by full lines while that of the
other head 34" is indicated by broken lines. FIG. 4C
includes expediently shown codes 20 and 24 which
show the sectional views of the tracks 6 and 7 to depict
a positional relationship between the code and the out-
puts of the heads 3¢’ and 32”. Reference numerals 21
and 25 denote the parts magnetized to have N pole
surfaces and numerals 22 and 26 the parts magnetized to
have S pole surfaces. Numerals 23 and 27 denote non-
recorded parts. If a known selection circuit is arranged
to selectively produce the larger of the reproduction
outputs of the heads 3a’ and 3a”, one signal which is not
affected by the influence of the self-demagnetization
can be taken out, as indicated by hatching in FIG. 4C.

In the embodiment described above, one code is di-
vided into two recording tracks. Two heads are ar-
ranged to slide over these two tracks and thus to have
one code detected by means of two heads. In a second
embodiment of this invention, however, one code is not
divided into two tracks and is detected by two heads
which are spaced in their position detecting direction at
a distance 4 the length of each magnetic domain of the
code S-4.

FIG. § shows the second embodiment of this inven-
tion. FIG. 6 shows in a sectional view the posttion de-
tecting device of FIG. § taken along the direction of
arrow 9 shown in FIG. 5. In FIG. 5, the same reference
numerals are used as in FIG. 3 in denoting the same
elements or elements arranged to perform the same
functions as those shown in FIG. 3. Further description
of these same or similar elements is omitted here. Refer-
ring to FIG. 5, heads 3-156 to 3-4b are arranged to corre-
spond to codes §-1 to 5-4. Meanwhile, another group of
heads 3-1¢ to 3-4¢ are arranged on the opposite side of
the detecting part 1 as shown in FIG. 6. The heads 3-1b
to 3-4b are repectively provided with electrodes 30-15
and 30-15' to 30-4b6 and 30-45'. The heads 3-1¢ to 3-4¢
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4
are provided with electrodes 30-1¢ and 30-1¢" to 30-4¢
and 30-4¢’. Further, longer codes §5-3 and 5-4 are di-
vided, respectively, into small magnetic domains of S
pole and N pole. |

Referring to FIGS. 7A and 7B, operation of the posi-
tion detecting device of FIG. 5 will now be described:

A reference symbol “x” shown on the abscissa axis of
each of FIGS. 7A and 7B indicates the extent to which
the head 3-4b moves over the code 5-4. A symbol “Vb”
shown on the ordinate axis indicates a voltage which is
generated when a predetermined current 1s allowed to
flow via the electrodes 30-4b and 30-45' to the head
3-4b. A part 31 shown below the reproduction output in
each of these illustrations indicates the magnetizing
directions at distance points of movement of the head
over the code 5-4. The head is assumed to be sliding
over the upper line of the illustration part 31. In the part
31, a code part 31-1 represents a non-magnetized part; a
code part 31-2 is magnetized to have an S pole surface;
and a code part 31-3 is magnetized to have an N pole
surface respectively. A previously mentioned, the resis-
tance value of the MR element which 1s used for the
head of this embodiment decrease as the magnetic field
becomes larger, and vice versa. Therefore, in the ab-
sence of the magnet 13, the resistance value of the head
increases at the boundary between the codes 31-1 and
31-2 as indicated by a broken line 17. Then the output of
the head 3-4b increases accordingly. However, in this
embodiment, the magnet 13 is provided as shown in
FIG. 5. Therefore, when the head 3-4b comes to a part
where the code is magnetized to have an N pole surface,
as in the case of the code part 31-3, the magnetic field of
the code part 31-3 is added to the magnetic field of the
magnet 13 to cause the MR head to have the lowest
resistance value. When the head 3-456 comes to a part
which is not magnetized, as in the code part 31-1, the
resistance value is higher because there only exists the
magnetic field of the magnet 13. When the head comes
to a part where the code is magnetized to have an S pole
surface, as in the case of the code part 31-2, the resis-
tance value becomes the highest value thereof because
the magnetic field of the magnet 13 and the code part
31-2 offset each other. Accordingly, the output of the
head 3-4H becomes as indicated by a full line in FIG. 7A.

FI1G. 7B shows the output of the head 3-4¢ which 1s
disposed at a predetermined distance away from the
head 3-4b, as shown in FIG. 6. In the same manner as in
FIG. 7A, a broken line 18 represents an output obtained
where the magnet 13 is not provided while a full line 16
represents the output obtained with the magnet 13 pro-
vided. A signal processing circuit for processing the
outputs of the heads 3-46 and 3-4c¢ is arranged as shown
in FIG. 8.

Referring to FIG. 8, the signal processing circuit
comprises zero point setting circuits 33-1 and 33-2
which are arranged to obtain voltages V&' and V¢’ as
shown in FIGS. 9A and 9B by subtracting a predeter-
mined voltage from the outputs of the heads 3-4b6 and
3-4c shown in FIGS. TA and 7B respectively. Absolute
value circuits 34-1 and 34-2 are arranged to receive the
voltages Vb’ and Vc¢' shown in FIGS. 9A and 9B and to
produce voltages Vb’ and V¢'' as shown in FIGS. 9C
and 9D. An adder 3§ is arranged to add together the
outputs of the absolute value circuits 34-1 and 34-2 and
to produce a voltage Vd which is as represented by
F1G. 9E. With the signal processing circuit arranged as
shown in FIG. 8, an output which is not affected by the
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influence of the self-demagnetization can be obtained as
shown In FIG. 9E. |

FIG. 10 shows the detecting part 1 of a third embodi-
ment of this invention in a sectional view corresponding
to FIG. 6. While the magnetic head of the preceding
embodiment is formed by embedding a plurality of

heads 3-4b and 3-4¢ as shown in FIG. 6, this embodi-
ment shown in FIG. 10 has the conventional MR heads

36 and 37 spaced in their sliding direction. These heads
36 and 37 are provided with ferromagnetic thin film
elements 36-a and 37-a.

In the position detecting device described above as
the second or third embodiment arranged to perform a
position detecting operation by reading with the mag-
netic heads the code recorded on a magnetic medium,
the code is composed of a plurality of magnetic domains
of opposite polarities which are arranged alternately
with each other. Meanwhile, the magnetic heads are
composed of the ferromagnetic thin film elements
which are spaced in the position detecting direction.
This arrangement effectively prevents any erroneous
operation of the position detecting device due to self-
demagnetization. |

In the position detecting device described, the degree
of the adverse effect of magnetism around the device,
such as the earth magnetism, is reduced with a bias
magnetic field applied by means of a magnet. However,
where the adverse effect of the ambient magnetism is
negligible, that is, where the intensity of the magnetic
fields obtained by the magnetization of the codes is
sufficient against the earth magnetism or the like, the
arrangement to obtain the bias magnetic field is dispens-
able. An embodiment in which the position detecting
device is not provided with the bias magnetic field
producing means will now be described.

FIG. 11A shows the magnetic position detecting
device which is not arranged to produce the bias mag-
netic field. This drawing is an enlarged view showing,
as i FIG. 4A, the arrangement around the higher
places of a code. The elements performing the same
functions as those shown in FIG. 4A are indicated by
the same reference numerals and symbols. As shown in
FIG. 11B, each code is divided into two tracks 6 and 7

in this embodiment in the same manner as in FIG. 4B.

However, in this embodiment, magnetic domains of the
code are arranged in a different manner from the em-
bodiment shown in FIG. 4B. In this case, the length of
the N pole magnetic domains is the same as that of the
S pole magnetic domains. Additionally, the magnetic
domains in one track are arranged to deviate from those
of the other track by as much as A/4 wave length.

When the heads 32’ and 3¢” which are composed of a
magnetoresistive film slide over these tracks 6 and 7,
magnetized patterns are read out by each of the heads.
The resistance value of each head varies according to
whether the pattern is magnetized or not, as previously
mentioned. The outputs of these heads obtained as they
slide over the tracks thus become as shown in FIGS.
12A and 12B. In each of FIGS. 12A and 12B, a dropped
part 1s produced in the output when the head comes to
a boundary between an N pole magnetic domain and an
S pole domain. -

The outputs shown in FIGS. 12A and 12B are similar
to those (FIGS. 9C and 9D) of the second embodiment
wherein the outputs are arranged to be processed into
absolute values through the absolute value circuit. With
the outputs of FIGS. 12A and 12B added together by an
adder, a long continuous signal can be obtained without

4,757,257

5

10

15

20

25

30

35

45

>0

33

60

635

6
being affected by the adverse effect of self-demagnetiza-
tion as shown in FIG. 12C.

Further, in the embodiment shown in FIG. 5, the
magnet 13 may be dispensed with for avoiding the ad-
verse effect of self-demagnetization without absolute
value circuits, as in the case of the embodiment shown
in FIG. 11.

What is claimed is:

1. A magnetic position detecting device comprising:

(a) a plurality of magnetic main tracks for forming a
code, each of the tracks having magnetic domains
corresponding to the code, and a predetermined
main track among said plurality of main tracks
including mutually adjoining domains among said
magnetic domains having polarities opposite to
each other, wherein said magnetic domains of said
main tracks forming said code are of the same
length;

(b) a plurality of magnetic field responsive heads
corresponding to the main tracks, for scanning the
magnetic domains on the main tracks, said heads
corresponding to said predetermined main track
being spaced a predetermined distance away from
each other in the scanning direction thereof, said
predetermined distance being substantially 1/2 the
length of each of said magnetic domains in the
scanning direction; and

(c) signal processing means for obtaining from the
outputs of said spaced heads a signal corresponding
to the length of said magnetic domain in said prede-
termined main track and free from the adverse
effect of self-demagnetization, said signal process-
ing means including:

(a) absolute value producing means for converting
an output of said spaced heads into an absolute
value; and |

(b) means for summing up an output from said
absolute value producing means.

2. A device according to claim 1, wherein said heads
are composed of a magnetoresistive film.

3. A device according to claim 1, wherein the mag-
netic domains of said main tracks are formed by a verti-
cal magnetization film.

4. A magnetic position detecting device comprising:

(a) a plurality of magnetic tracks for forming a code,
each of the tracks having magnetic domains corre-
sponding to the code, at least one of said tracks
including;: -

(1) a first sub-track consisting of a plurality of mag-
netic domains, with mutually adjoining domains
among said magnetic domains having polarities
opposite to each other, and

(2) a second sub-track consisting of a plurality of
magnetic domains, with mutually adjoining do-
mains among said magnetic domains having po-
larities opposite to each other, said domains
being arranged to be different in phase from the
domains of said first sub-track;

(b) two magnetic field responsive heads correspond-
Ing to the magnetic domains of said first and second
sub-tracks for producing a signal corresponding to
lengths of said magnetic domains in said first and
second sub-tracks, respectively; and

(c) signal processing means for summing up the signal
from the outputs of the two heads, said signal pro-
cessing means including:
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(a) absolute value producing means for converting
an output of said spaced heads into an absolute
value; and |

(b) means for summing up an output from said
absolute value producing means.

5. A magnetic position detecting device, comprising:

(a) a plurality of magnetic main tracks for forming a

code, each of the tracks having magnetic domains

corresponding to the code, and at least one of the
tracks including:

(1) a first sub-track consisting of a plurality of mag-
netic domains, with mutually adjoining domains
among said plurality of magnetic domains hav-
ing polarities opposite to each other,

(2) a second sub-track consisting of a plurality of
magnetic domains, with mutually adjoining do-
mains among said plurality of magnetic domains
having polarities opposite to each other, with at
least a portion of the magnetic domains having a
first polarity on the second sub-track being oppo-
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site to the magnetic domain having a second
polarity on the first sub-track, wherein the mutu-
ally adjoining domains are magnetized into N
polarity and S polarity, the domain of S polarity,
along the scanning direction of the head, being
shorter than the domain of N polarity, along the
-scanning direction of the head;

(b) a plurality of magnetic field responsive heads
arranged in correspondence to the main tracks, the
main tracks corresponding to the sub-tracks having
two magnetic fields responsive to the head, for
scanning the magnetic domains in said first and
second sub-tracks, respectively; and

(c) signal processing means for summing up a signal
corresponding to the length of said magnetic do-
mains from outputs of said heads, satd signal pro-
cessing means being arranged to selected a larger
of the outputs from two magnetic field responsive

heads.
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